Abstract: Disasters are catalysts for change: they are increasingly recognized as offering opportunities to direct and navigate change towards aspired outcomes, such as sustainable development goals. However, we know little about how to leverage the opportunities created by disasters to achieve sustainability objectives. Learning from existing case studies is challenging, partly because there is no framework that integrates concepts of change from both sustainability science and disaster recovery literatures. This study develops a unified analytical framework to facilitate the documentation and analysis of case studies of sustainability transitions following disasters. Our aim is to enhance the potential for theory-building, and to draw lessons that can be used to help leverage opportunities presented by disasters in the future. We apply the framework to available empirical cases and identify specific conditions, resources, social relations and constraints that affect disasterto-sustainability transitions. Our expectation is that this framework will serve professionals and researchers in the fields of sustainable development and disaster mitigation to enhance the effectiveness of their research and applied activities.
Introduction
Sustainability action faces inherent tensions: there is an urgency to create and safeguard a safe and just operating space for humanity [1, 2] , although sustainability action is inhibited by the often slow process of institutional change [3] . While disasters are undesirable in and of themselves, they can be catalysts for change and social transformation [4, 5] . Moreover, they are recognized as offering opportunities to direct change towards aspirational outcomes, such as the Sustainable Development Goals (SDG), reduced disaster risk, and enhanced resilience [6] . However, we know little about how to leverage the opportunities presented by disasters for change towards sustainability.
Over the last decade, evidence on change following disasters has been presented from case studies of disaster recovery. Most of these cases have documented how certain constellations of governmental and private sector actors work to accelerate change towards particular interests, which are often not focused on the common good and, thus, lead to unsustainable practices and aggravated inequities (e.g., [7, 8] ). There is also a growing literature on disaster recovery that highlights the opportunities that arise in later stages of disaster recovery and reconstruction for "building back better" (cf., [9] [10] [11] ). A third type of cases is emerging, encompassing a small group of in-depth case studies that investigate how communities have leveraged the "positive side of disasters" to advance sustainability [12] . These latter cases are disparate, employing diverse frameworks and drawing on distinct theories, such as those pertaining to innovation, socio-ecological systems, or humanitarian aid (e.g., [13] [14] [15] [16] ).
Research in sustainability science has contributed to the understanding of long-term transition and transformation processes towards normative sustainability-oriented visions, while focusing on actors, their agency and participation in this process (e.g., [17] [18] [19] ). Following Patterson et al. [20] , this research includes approaches of resilience thinking and socio-ecological systems transformations (e.g., [21, 22] ), socio-technical transitions and transition management (e.g., [17, 23] ), transformative pathways [18] , and transformative adaptation [24] . We use the term "sustainability transitions" as an umbrella term to encompass perspectives on transitions and transformations. Work in sustainability transitions has been done on "windows of opportunities," or identified moments in time in which there is a heightened probability that efforts to alter a system state will be more likely to succeed (e.g., [25, 26] ). Yet, most studies have focused on processes occurring in normal times, or in contexts of crisis, rather than disasters. Crisis is defined as a "symptom of underlying persistent unsustainability" in systems ( [20] , p. 34) and "collective stress situation" ( [27] , p. 23) contrasting with the more specific cases of disasters, triggered by a hazard. For this reason the lessons from this body of work in the sustainability literature may be less applicable to the messy political and social realities of disasters, where proposed steps and mechanisms may, or may not, be employed as in normal times, or in the context of prolonged stress, as defined by "crisis".
Nevertheless, there are notable efforts now to bring the fields of disaster risk management and transition research together. Becker and Reusser [28] use the multi-level perspective of socio-technical transitions to analyze whether disaster risk reduction measures implemented during disaster recovery processes lead to systemic vulnerability reductions. Gibson et al. [16] use an actor-based framework to analyze whether disaster risk management policy can become transformative, especially when linked normatively to the SDGs. Their framework evaluates changes in risk management policy following disaster using characteristics of transformative pathways. While these efforts procedurally link the concept of transformation with disaster risk management approaches, neither approach operationalizes sustainability criteria as a normative framework to guide development following disaster. To construct the evidence base on which to build a robust theory of how sustainability transitions can be stimulated following disasters, there is a need for a unifying framework integrating knowledge on sustainability transformation and disaster recovery efforts.
The objectives of this paper are, thus, to contribute to this emerging work by synthesizing existing theoretical and empirical knowledge as the basis for creating a unifying framework. We propose that the framework could be used to document and comparatively analyze case studies, and identify pivotal factors critical for success or posing barriers towards advancing sustainability. We illustrate the application of the framework to existing cases, and through this application identify emerging factors, which can be considered in the analysis of future cases. Despite an increase in literature on individual disaster recovery cases, there are few comparative studies or studies that synthesize findings [9] . We posit that the framework can help identify key features from empirical cases that can be used to help plan for sustainability transitions and leveraging opportunities presented by disasters in the future. Hence, we draw on the above-mentioned third type of disaster studies, investigating cases that embraced (directly or indirectly) sustainable development as a main goal orienting their post-disaster transition.
In the next section, we synthesize the concepts of change in disaster recovery and sustainability transitions literatures into a framework. We apply the framework to a set of cases that purportedly leveraged post-disaster opportunities for transitions towards sustainability. We identify some factors that seem pivotal for leveraging opportunities presented by disasters and discuss how accounting for these factors could support seeds of sustainability transitions while reducing disaster risk. We conclude by arguing that employing a unified framework allows for systematic analysis of cases and identification of intervention points to strengthen emerging sustainability transformations; absent such a framework, drawing conclusions about processes and outcomes of post-disaster sustainability transitions is difficult, as the collected evidence remains partial.
Framework to Analyze Sustainability Transitions Originating in Disaster Contexts
This section proposes an analytical framework derived from a review of how change and transitions towards sustainability are theorized in disaster and sustainability transition literatures. Figure 1 illustrates the key elements of the framework, which we explain below. The figure is based on three quadrants, reflecting the overlap of both literatures. Both literatures present change processes as occurring over phases, with each phase entailing a set of contextual factors as well as "Inputs and Resources" that actors draw upon to create conditions for change. Additionally, both literatures acknowledge the importance of multiple scales, drawing attention to the interplay of bottom-up, as well as top-down, processes. The arrows illustrate how actors navigate these phases in the pursuit of advancing change towards sustainability, starting with the catalyzing role of "change agents"; the immediate and longer term products ("outputs") of efforts to foster sustainability transitions; and the need to evaluate the "outcomes" of such efforts in terms of sustainability criteria. What is depicted as linear in Figure 1 are, in reality, patchy, iterative, and emerging pathways. Complementary concepts of change from disaster (in red) and sustainability (in blue) literatures are highlighted. The overlapping and complementary focus of these literatures suggests that an integrative framework could help understand how opportunities presented by disaster can be leveraged for change towards sustainability. 
Contextual Factors: Phases of Change and Related Inputs and Resources
Disasters are the focal point of the proposed framework, as catalyzing events and inflection points in system interactions. Drawing from the "Pressure and Release model" (PAR) [29] , we can analyze the parallels in sustainability and disaster framings in relation to the three phases of disaster: pre-disaster, disaster, and post-disaster. The PAR model helps understand the conditions that give rise to a disaster, how disasters and their impacts unfold, and identifying points of intervention for reducing vulnerability. The PAR conceptualizes change as resulting from two opposing forces: factors that produce social vulnerability, and the probability of hazard events. Vulnerability, in turn, arises from unsafe conditions (e.g., housing, water supply, waste management), dynamic pressures (e.g., political, economic, and environmental trends), and root causes (e.g., dominant ideologies, power relations, and structures to accessing resources).
Just as the PAR model situates disasters in a historical perspective, and relates disasters to conditions operating at diverse organizational levels and spatial scales, theories of transitions to sustainability converge in that they present transitions as occurring in phases over the long-term, across geographical scales and organizational levels (niche, regime, landscape), and encompassing social, economic, and environmental dimensions (cf., [20, 30] ). One theory of sustainability transitions, for example, conceptualizes change as unfolding when niche-level innovations designed to address complex and persistent sustainability challenges become viable. Niche experiments can mobilize interest in disrupting established systems and can catalyze the substitution of old ways for new ways of doing things. Such experiments can lead to pathways of change that scale up and institute innovations over time and space until they become, if successful, the new normal. In general, sustainability transitions are concerned with developing processes that radically shift established systems towards sustainable modes of production, consumption, governance, and ecosystem dynamics [31] . Similar to the process of disaster recovery, sustainability transitions are political endeavors occurring in complex adaptive systems, with behavior that is uncontrollable and opaque. These dynamics require abilities to test, observe, learn and adapt transition actions in order to achieve intended outcomes, while negotiating contested and uncertain processes of change.
The pre-disaster context is the period before disasters, which entails prevention and mitigation activities to reduce disaster risk and the beginnings of response activities [32] . To connect disaster risk reduction with sustainable development, experts have long advocated for Pre-Event Planning for Post-Event Recovery, or PEPPER [33] , to introduce planning for sustainability prior to the occurrence of any disaster event [34] [35] [36] . Scholars have emphasized the importance of enhancing interactions and building networks among state entities, non-governmental organizations, and local communities; these relations are catalyzed through the disaster impact and have been shown to influence what emerges during disaster recovery [12, 34] . Nevertheless, in practice, most emphasis in planning is given to disaster response, rather than to pre-event mitigation and preparing for longterm recovery ( [37] , p. 348). In the absence of activities that envision alternative sustainable states and disaster recovery paths, the existing discourses, agendas, and development trajectories at the time of impact are likely to become the dominant themes following a disaster [38, 39] .
The corresponding phase in sustainability transitions is the predevelopment phase. Preparing the transition entails establishing a network of actors ("frontrunners"), who gather around a sustainability challenge, deliberating pathways of change, while trying to integrate diverse interests, to advance sustainability collectively. This process is called building a "transition arena" [17] and actualizes latent system resources that others have identified as a "shadow network" [21] . It is an informal social organization comprising of instrumental actors from diverse domains (government, private-, and third-sectors) sharing values, knowledge, skills and resources. These individuals selfidentify as change agents in diverse roles including, e.g., as technical expert, networker or opinion leader, and enjoy respect in their networks [17] . While people meet as individuals, they have "strategic agency." Using their professional expertise about institutional processes and ability to invest time and energy, they devise strategic courses of action through jointly framing sustainability challenges, creating big picture sustainability visions, and engaging in sense-making [40] .
The period of the disaster itself entails the time of impact and the response period, which often overlaps with recovery activities [32] . While this phase has been the primary focus of disaster research and practice [4] , changes triggered by disaster impacts have received less attention. Such changesfor example, in social organization, in policy, or in practices and ecosystems-can affect all dimensions of society (environmental, social, economic) and can amplify or mollify disaster impacts. Changes are carried forward through formal channels (e.g., governmental interventions) and informal mechanisms (e.g., local groups), in some cases spontaneously, in indirect ways, or through deliberate action. Both formal and informal mechanisms shape the disaster's impacts and disaster recovery processes [4] . Understanding how changes emerge in disaster contexts and interact with concurrent socio-ecological change processes is critical to inform institutional learning and developing policy to reduce disaster risk and advance sustainability outcomes.
In addition to these change processes, disasters are often perceived as creating the opportunity of a "reset button" for building infrastructure and institutions deliberately in better ways [12] . The destructive power of hazards shatters ecosystems, habitats, infrastructures, and institutions, and often erases development gains. Laying bare past political processes, disasters can present opportunities for populations to critically review established ways of thinking, the social contract, and the competencies of elected leaders [41, 42] . Disasters can provide leverage and finance for alternative projects and agendas, which may be politically "unpalatable" in normal times [43] . Together, these factors create a window of opportunity: a decision point that generally remains open for a short period of time [44] , and closes due to a variety of factors [42, 45] .
The corresponding phase in theories of sustainability transitions is what is called the "take offphase", where actors seize a window of opportunity. The window of opportunity in normal times refers to an opportune moment, where the time is right to introduce radical change, because "a problem is recognized, a solution is available, the political climate makes the time right for change, and the constraints do not prohibit actions" ( [46] as cited in [21] , p. 8). Anticipating such a window, agents, and their shadow networks, foster coalitions with additional groups and create transitionagendas, i.e., action plans to disrupt established systems and catalyze the sustainability vision into niche experiments and pathways, while considering uncertainty and possible consequences of these actions. When the time comes, agents seize windows of opportunity to establish new governance systems by implementing the transition agenda step-by-step [17] . Actors mobilize resources by connecting ideas with each other and to resources and institutions; these actions require tactical skills as innovators, experimenters, and brokers [40] .
The period after disasters is also the context before the next disaster [32] . It entails a sequence of phases extending over years and decades, summarized under the umbrella term of recovery [47] . The recovery period bleeds into normal times, although this occurs differently for different people depending on their social position [48] . Even when pre-disaster activities and the initial window of opportunity were missed to direct changes towards sustainability, the recovery phase provides opportunities to introduce sustainability objectives [10, 11, 49, 50] .
The corresponding phase in sustainability transitions aims to build resilience of the new system by accelerating change and working to overcome barriers to eventually stabilize introduced changes. It combines operational activities, including pilot projects and experiments that represent tangibly what the sustainability vision looks like on a small scale. Simultaneously, strategic activities aim at changing structures and culture. In addition to offering a glimpse of the envisioned sustainability future, these change projects test the new ways of doing things, making visible what works and what problems might emerge. Mobilizing additional actors is crucial to continuously build momentum for the change activities, and to connect the change process to the larger contexts by using small wins to acquire more resources and institutional support [17, 40] . These actions require change agents to have political savvy and interactional skills, like incentivizing, bargaining, and continuous mobilizing around the vision [40] .
Both literatures point to the importance of specific conditions, inputs, and resources as catalysts of change: existing and newly-emerging social relationships and organization, the presence of plans and visions, and the ability to mobilize resources at key moments to make use of opportunity. These attributes of change processes are shaped in the disaster context by the historic, structural, and institutional processes that have given rise to vulnerability, and the specific resources and assets that are either destroyed or created as a result of the disaster itself and the recovery process. These resources, social networks, visions and agendas come to the fore and are made most visible within the "disaster arena": the space in which existing actors and new actors (such as aid agencies) negotiate their agendas and the allocation of resources in disaster response and recovery.
Change Agents, Their Processes, and Opportunities
Change during and following disaster occurs among individuals and social relations, leading to an altered sense of agency, social responsibility, and capacity. There is emerging evidence how the disastrous experience can trigger a "positive transformation" within individuals, i.e., the ability to transform experienced trauma into agency [51] . Research shows, for example, that people affected by disaster often demonstrate greater psychological resilience than assumed [52] . Other work has illustrated how the shared experience of disaster survival can bring the best out of people; it can enhance solidarity, helpfulness, and amiability; facilitating bonding among people, who would otherwise not have met due to their social situations [53] . Such bonding offers opportunities to leverage cultural change, because people see new roles for themselves to realize wishes that remained latent and unfulfilled under the old system ( [54] , p. 57). This internal shift is thought to unleash these actors' potential to commit and care to effect change for a better life [55] . Some of the actors are catalyzed by disaster into change agents; others may have already been motivated as change agents prior to the disaster impact and accelerate their efforts following the event [56] . Recognizing agency in disaster survivors is critical: it helps overcome the view of them as powerless victims and facilitates replacing the deficit model with asset-and capacity-based approaches to disaster recovery [57] .
Human agency is increasingly addressed in sustainability transitions as a driver of deliberate actions that aim to create systemic shifts [58] , acknowledging that people initiate sustainability transitions and advance change by defining and legitimizing new practices [59] . This emphasis reflects critiques that approaches failed to account for underlying politics, power structures, and inequality, differently affecting people's abilities to develop agency and participate in transitions [60, 61] . As self-identified sustainability change agents, actors initiate sustainability projects with the intention to enact "substantial change" in their communities and society [62] . To be effective, collective action with supporters and opponents is essential. The constellation of actors, their networks, and participating actors' skills vary for each phase, as different capacities and relationships are necessary to prepare for change, seize opportunities, and translate change into a new normal [40] .
In sum, the change agents can be described by (i) their sustainability change initiatives (formal and informal actions, projects, and programs); (ii) related purposes, resources, skills and tactics to overcome barriers towards sustainability goals; and (iii) the relations among change agents and other actors. Accounting for these factors helps identifying the "disaster transition arena" as a network that is part of, and extending beyond, the disaster arena. The disaster transition arena coordinates sustainability change initiatives across daily activity fields, scales, and sustainable development goals and, combining different groups of actors across the three phases, it responds to contextual constraints and offerings. Change agents' ability to recognize the emergence of windows of opportunity and envision sustainability change in diverse areas of daily activity is a key leverage.
Outputs: Sustainability Change Initiatives
The outputs of actors' sustainability change initiatives can be identified as changes in specific daily activity fields. Daily Activity Fields (DAF) include housing, eating, educating, working, being mobile, recreating, worshipping, communicating, shopping, caring, and engaging [63] . The DAF have been employed in sustainability research as a means of holistically describing a way of life and as a way of reconstructing local sustainability transitions after the fact (cf., [64] ). By employing the heuristic of the DAF in disaster transitions, it is possible to explore how rebuilding sustainable communities affects all aspects of life activities, just as disasters also affect all such activities [65] . The outputs of sustainability change initiatives are also reflected in changes of infrastructure, institutions, and people's practices. Moreover, while infrastructure and institutions influence people's practices, people's practices simultaneously shape infrastructures and institutions-confirming or altering them [66] . Outputs of sustainability change initiatives can appear in different stages of realization ranging from being fully manifest, in process, in a nascent stage of envisioning, or as discontinued sustainability change processes [67] . Achieving these outputs, however, presents challenges described by both disaster and sustainability transitions literatures.
Disaster literature points to the challenge of time compression, where normal processes proceed compressed in time and space, changing dynamics in planning, distribution of funding, governance, participation, and in power relations, often exacerbating inequities [68] . Expediency in the recovery phase often overrules deliberation about the trade-offs between "restoring what was lost" and "building back better, stronger, greener, and more equitable" ( [9] , p. 289). Pressure to address shortterm needs while accounting for long-term development goals can result in policies that undermine sustainable development [69] . Compounding the challenge of time compression is the fraught nature of disaster governance. Coordination among actors and organizations improved for disaster response, but remains insufficient for disaster recovery [70] . As formal local planning and decision-making capacities are decreased by the disaster impact, external organizations step in to implement recovery efforts, often without being asked, filling perceived governance gaps and insufficiencies of host agencies. Such efforts often lack accountability and fail to connect with local and national development programs [34] . Meanwhile, while there is enhanced interest in local populations to participate in decision-making to accelerate and direct development, bureaucratic planning processes are often unable to embrace this increased desire for participation [71] . Governance, including accountability, coordination, and legitimacy, is key to achieving sustainable recovery [72] .
Similar challenges are also raised in the literature on sustainability transitions. While agency is fundamental for sustainability transitions, outcomes of intended actions can be unexpected due to system complexity. Therefore, mobilizing for change across all phases requires spaces and processes that enable social learning, reflection, as well as monitoring and evaluation; hence, actors need to be apt at adjusting their intentional change processes in response to changing contexts and uncertainties and acknowledging their bounded rationalities [59, 73] . Mechanisms for reflection and learning include real-world experiments to test and learn about proposed shifts on small scales [25, 74] , as well as spaces, where groups-proposing alternative visions and working through informal processescan be in dialogue with policy-makers operating within formal processes [75] .
Outcomes: Appraising Change towards Envisioned Sustainability Outcomes
Any framework used to analyze transitions to sustainability requires a focus on the outcomes and the extent to which these are, in effect, materializing sustainability visions. Established sustainability criteria can, thus, be employed to evaluate the direction of change initiatives vis-à-vis the envisioned sustainability future. This approach is in line with the definition of post-disaster resilience as the ability to "bounce forward" as opposed to "bounce back" [76] , the latter implying measuring progress using a pre-disaster baseline instead of a future sustainability vision.
Gibson and colleagues [77] conducted a seminal review across sustainability assessment approaches worldwide synthesizing eight generic sustainability principles from which evaluation criteria can be derived. The principles are: (1) socio-ecological systems integrity; (2) resource maintenance and efficiency; (3) meaningful livelihood sufficiency and opportunity; (4) socio-ecological civility and democratic governance; (5) intergenerational justice; (6) intragenerational justice; (7) precautionary practices and adaptability; as well as an (8) integrated approach, simultaneously applying all principles at once, aiming at mutual benefits and multiple gains [78] . We integrated the principles proposed by Gibson [78] into a matrix and simplified them into a set of five principles (see Table 1 ). We specified the principles into appraisal criteria for the disaster context drawing on literature on sustainable disaster recovery (for details see [56] ). Three principles represent the environmental, social and economic dimensions of sustainable systems. We consider justice and adaptability principles as cross-cutting principles given that such requirements are integral to development efforts across all dimensions. Applying these criteria to the changes that emerge following disasters allows an appraisal of whether or not sustainability change initiatives, in different daily activity fields, have advanced sustainability. Changes that contribute positively to sustainability principles and provide services and products to broad populations (not only disaster-affected populations) and over the longer term (not only during the recovery periods) could be interpreted as changes that represent progress towards sustainability [56] . Obviously, it is challenging to ensure that any appraisal is comprehensive and address the diversity of sectors and activities that are entailed in systemic transitions. 
Pivotal Factors
Beyond its potential use for academic and conceptual goals, the ultimate purpose of the proposed integrative framework is to enable stakeholders embedded within a disaster context to explore whether their desired transition is enfolding to the desired potential, and to be able to support the "sustainability transition in the making" [59] -especially in the early years of the post-disaster recovery. Pivotal factors can be identified for an individual case when reflecting on the interplay among the above categories. Applying the framework to a set of cases helps reveal initial factors for success (drivers, enhancing the transition) or failure (obstacles, curbing the transition).
Approach to Case Study Selection
We identified 10 cases purportedly describing sustainability transitions following disaster events (four in the USA, two in Italy, three in Honduras, one in China, and an international study on mental health; see Table 2 ). The cases result from a literature review in 2014/2016 using Web of Science and combinations of the following search words included in either the title, abstract, or keywords: sustainability/sustainable development; opportunity/window of opportunity; disaster; recovery/reconstruction. The case studies of Soldiers Grove, WI; Kinston, NC; and Valmeyer, Il, did not emerge through the Web of Science search; however, they were added as they were referenced in articles on the Greensburg case (cf., [10, 13, 79, 80] ). Clearly, the set of cases is small. Identifying case studies proved challenging as disaster and development studies employ distinct foci on the analysis of change in disasters (recovery vs. development) and inconsistent terminology. Nevertheless, the collection of cases provides an initial sample with which we can explore the facets of disaster-tosustainability transitions, as made visible through the application of the framework. In the next section, we summarize the insights revealed in using the framework to analyze the 10 cases. As a framework for analysis, it does not, in itself, offer a theory of disaster and transitions to sustainability, but helps disaggregate complexity into manageable units for analysis. Its application to specific cases might also help identify initial pivotal factors that can strengthen sustainability transitions in disaster contexts. Table 2 . Overview of select cases that seized opportunities for change to sustainability.
Greensburg, KS.
Greensburg is a small rural town in the USA (~1200 people), which was almost completely destroyed by an EF 5-strong tornado in 2007. It leveraged the disaster to rebuild itself as "GreensburgGreentown, the greenest town in rural America." Greensburg indicates that creating a safe and participatory space for creativity, exploration, experimentation and innovation is possible in a disaster context and can be leveraged to shape a town's sustainable development especially related to green building and renewable energy developments [13, 79, 80] . Soldiers Grove, WI (1978), Kinston, NC (1996, 1999) , Valmeyer, Il (1993): These are small rural towns in the USA (600-900 people), with histories of recurring floods and hurricanes ravaging their regions. The approaches taken by these towns have been influential in informing the idea of rebuilding sustainably [10] . After surviving extreme weather events, the towns decided to relocate and do so in a sustainable way to survive in the long-term. Their strategy involved renewable energy production, disaster risk mitigation, and sustainable relocation. They framed their efforts to seize the window of opportunity as VISIONS: Valmeyer Integrating Sustainably Into Our New Setting [81, 82] or Soldiers Grove: The Little Town That Could [83] . Abruzzi, Italy. The Abruzzi earthquake (MG 6.3) struck the town of L'Aquila and surrounding municipalities on 6 April 2009. While the state-led disaster recovery process was critiqued for many reasons (cf., [84] ), some communities seized the window of opportunity to pursue their aspirations. For instance, the residents and newcomers to the village of Pescomaggiore seized the opportunity to become a resilient eco-village [85] . Also, the town of L'Aquila seized opportunities to substitute fossil fuel energy systems for renewable energy systems-temporarily installing renewable pilot projects in camps during the relief phase and permanently incorporating sustainable construction, energy efficiency, bio-architecture and use of renewable sources as part of the new building regulations for reconstruction efforts [86] . Wenchuan province, China. The Wenchuan earthquake (MG 7.9) devastated the province of Wenchuan, China, on 12 May 2008 and killed 69, 197 people. The Chinese Government proclaimed to seize the window of opportunity for sustainable development [87] ; in particular to support a more equitable peri-urban development, accounting for the needs of rural areas [88] . Yet, the government abandoned its efforts quickly, responding to pressures from the tourism industry and trying to finish reconstruction before the impending global financial crisis rippled through. Nevertheless, rural villages continued to pursue opportunities for change towards sustainability. They tried to reassert their rural identity despite insatiable peri-urban growth and to establish enterprises in agroecology and ecotourism despite the standardizing efforts of the national tourism industry [88] . Honduras. Hurricane Mitch (1998) devastated the impoverished indigenous Tawahaka community in Krausirpi. Women and youth mobilized post-disaster and facilitated processes that resulted in changed landtenure systems, granting previously marginalized community members better access to land, and in improved forest management that reactivated the traditional ecological knowledge, informing disaster mitigation and diversified livelihoods [12, 14] . Another study compared the relocation processes of three communities in Honduras, including Divina, Providencia, and Ciudad España, which relocated to a new area with the help of strong NGOs. Of the three, the community of Divina successfully relocated, in particular, as it developed shared norms that resulted in healthier community structures and reduced social inequities [15] . The Stockholm Declaration, a mutual agreement between international donors and the disaster-affected governments, failed on a large scale, but led locally to some positive developments in Honduras and Nicaragua [89] . International examples of mental health care. Armed conflicts and natural disasters ravaged communities in low-and middle-income countries creating windows of opportunities to address major gaps in communitybased mental health care during disaster times and as part of development. Epping-Jordan et al. [90] reviewed 10 cases including Afghanistan, Burundi, Indonesia (Aceh Province), Iraq, Jordan, Kosovo, the occupied Palestinian territory, Somalia, Sri Lanka, and Timor-Leste. This seminal article identified lessons emerging across the 10 cases how to seize opportunities created by both natural hazards and armed conflict to establish a mental health care system during the post-disaster recovery. They include, in particular, adopting a longterm perspective from the outset and focusing on system-wide reform that addresses pre-existing and newonset mental disorders.
Findings from Applying Sustainability Cases to the Framework

Change Agents, Their Processes, and Opportunities
In all cases, there is a prominent role of sustainability-oriented social networks advancing the transition. The American case studies highlight the role of an entity comprising of residents (some representing village boards or citizen committees), government leaders (e.g., mayor, city staff from disaster management and regular departments, and staff from state and national agencies) and representatives of civil-society organizations and business owner associations. For the Honduras cases, the ability of state government and international donor organizations to understand when to engage with the local communities and when to step back was key to support the community's change process. Similarly, in the mental health cases, central government and external actors engaged with local and national health professionals in the recovery process in ways that asserted and employed the expertise of the latter two. These examples illustrate the existence of a disaster transition arena comprised of local and external sustainability change agents from different sectors and administrative scales working together. In these cases, the participants in these arenas appeared to have contributed to sustainability transitions through activities that strengthened local capacity and ownership while being connected to national and international networks.
Two other aspects emerged within these examples of disaster transition arenas. One is the role of the liaison, specifically, what might be termed a sustainability liaison. In Greensburg, a sustainability liaison was appointed as the go-to entity for everyone-residents, contractors, or officials-to address anything related to sustainability-oriented recovery efforts and development plans. In Krausirpi, Honduras, the young community members, who attended pre-disaster capacity building workshops on natural resource management, informally took on the liaison role, engaging a diffuse decision-making process around reforming land tenure rules. The second aspect is the collaboration between actors in the disaster transition arena and research/educational entities to support sustainability pursuits. In Wenchuan Province, China, rural villages turned to the university's social work department seeking guidance in developing their sustainability initiatives around local ecotourism and agroecology. In L'Aquila, Italy, and the USA case studies, some of the disasteraffected municipalities self-identified as learning laboratories for sustainability technologies. They agreed to partner with federal departments, as well as university professors and students, to test green building features and renewable energy systems as part of the disaster recovery process. Some of these pilots contributed to now well-established innovations, such as the US Green Building Council's green building certification program. Universities were also asked to assess if proposals prepared by donors, federal, or consulting groups support the groups' sustainability pursuits or not.
In the different cases, the window of opportunity for change played different roles in the process of sustainability transitions. For example, for change agents in the USA cases, rural areas experiencing pre-disaster economic decline, the idea of sustainability represented the central way forward in light of a lack of other viable options for the future. Similarly, the town of Valmeyer, Il, initially seized the opportunity not because it was pulled by a compelling sustainability vision, but rather because residents saw no alternatives. Taking advantage of the new US hazard mitigation program was the only viable option; engaging with mitigation questions triggered residents to envision alternative development pathways. In contrast, in Pescomaggiore, Italy, people had envisioned building an ecovillage prior to the disaster. The disaster allowed them to accelerate this process; some change agents were strategic about obtaining temporary exemptions for their plans during the relief phase and turned them into permanent permits for development. In Wenchuan, China, rural villages seized opportunities to define their identity on their own terms: e.g., by establishing local ecotourism and agroecology programs, they attempted to defy the standardizing processes of the national tourism industry. Additionally, external actors started to see windows of opportunities to forward a broader agenda that coincided with the local sustainability transition goals. For instance, in Greensburg, national organizations, corporations, the University of Kansas, community groups, and individuals were attracted to the town because they saw Greensburg as a place that allowed them to pilot their own sustainability innovations. While these external actors contributed to the sustainability processes in Greensburg, that engagement helped them to increase their own capacities and networks allowing for scaling their sustainability products beyond the disaster-affected place. Similarly, benefitting from the media attention given to Greensburg, these external actors used their own media relations to spread the word in new circles, which, in turn, generated media coverage about Greensburg. The barriers to seizing such opportunities that were evident across the cases incorporated many of those known to affect disaster recovery in general (e.g., perceived slow/no progress) and those relevant for leveraging sustainability post-disaster (e.g., a lack of sustainability alternatives, a lack of funding slated for sustainability, or trade-offs among competing sustainability goals). As a consequence of these barriers, people started to drop out of post-disaster sustainability initiatives.
Outputs
The case studies manifest a variety of outputs in diverse activity fields, and in some cases actor groups created outputs in more than one daily activity field. Many of these outputs were first-of-itskind innovations. For instance, some of the USA cases established sustainability inventories and submitted regulatory changes, including novel federal and state laws on renewable energy and natural resource conservation (Soldiers Grove, Kinston). Greensburg received international awards for its sustainability master plan that was derived from a publicly-endorsed sustainability vision. New institutions, such as the community-based mental health care system (health care studies), redefined land tenure-system (Krausirpi), and household registry for peasants (Wenchuan), were implemented, increasing access to quality care or land-ownership of previously disadvantaged landpoor households. New networks were established, including a novel inter-agency sustainabilityworking group, city-to-city partnerships (Greensburg, Wenchuan), community-university relationships (various cases), and healthier intra-community relationships (Divina, Honduras). These networks facilitated an increase in people's capacities and the development of new products and services, such as municipal educational services, commercial consulting, and technical support (USA case studies), and niche-markets for agroecology and ecotourism (Krausirpi, Wenchuan). The latter helped slow down deforestation of primary forest in Krausirpi by fostering the forests' ecosystem services for hazard mitigation.
Outcomes
Employing the sustainability appraisal rubric across the cases illustrates that various sustainability principles were pursued, although, as one might expect, not every principle was equally addressed in every case study. Overall, the local sustainability initiatives that emerged in each case of disaster represented seeds of change: nascent processes that in most cases were not fully developed or comprehensive in scope. For example, in many cases, in the domain of the Natural Environment, natural capital, like soil, air, and water quality, was enhanced when it was clear that such capital would benefit livelihoods and hazard mitigation measures (e.g., agroecology efforts in Krausirpi and Wenchuan; the first US conservation zone in Kingston). Nevertheless other aspects of the natural environment-e.g., remediation actions of non-disaster-related contaminated natural resourceswere not reported in the cases. Efficient use of material was a primary objective in the eco-village and towns participating in the renewable energy pilots in L'Aquila and the USA case studies; yet, the remoteness of these areas made implementation of this objective challenging.
In the domain of Social Wellbeing, the case studies illustrated how a strong association with place and place-making served as a driver of sustainability transitions across all cases. This place attachment was expressed through the slogans defining the small US towns (e.g., VISIONSValmeyer Integrating Sustainably into Our New Setting), or by reactivating cultural heritage and indigenous ecological knowledge in Wenchuan and Krausirpi. Similarly, the sustainability change efforts enhanced social cohesion and civic engagement capacities. In fact, the restructuring of social relations following the disaster was seen as one of the reasons why the relocation of the community of Divina, Honduras, succeeded. In terms of whether public facilities and services were created or maintained, the mental health care case studies documented progress in establishing an entire public mental health system and the Krausirpi case describes how state entities and international NGOs gained a better understanding of local needs related to public services. The USA cases reported new investments in creating good public spaces. In contrast to these areas of progress, high quality, affordable, and sustainable housing was reported as a challenge for service provision across most cases.
In the Economic domain improving livelihoods and public finances by creating meaningful, sufficient employment and strengthening a local economy was reported only in few cases and with limited success. For instance, people in Krausirpi were able to diversify their sources of income, but youth are still leaving the area. In other remote places, like Greensburg and Wenchuan, attracting sustainable businesses was challenging. The studies indicate that post-disaster funding was made available for the relief phase, and to some extent, for long-term recovery. Nevertheless, securing funding for ongoing recovery remained a continuous and tiring effort. We were unable to appraise the extent to which public finances where reorganized to serve the public good.
The cross-cutting dimensions of sustainability, including Justice and Adaptability, were difficult to appraise. One challenge in evaluating the cases was to differentiate between the intent to equitably distribute costs and benefits of recovery efforts and sustainability initiatives among social groups (including current and future generations as well as neighboring or otherwise functionally connected communities), and the data available on the actual outcomes of such intentions.
Contextual Factors: Phases, Inputs, and Resources
In most of the cases surveyed, it was indicated that pre-disaster activities that spread ideas about sustainability and built latent capacities became accelerators for seizing the window of opportunity. For example, the town of Greensburg had engaged in (unsuccessful) efforts to revitalize their declining rural town; this experience and the relationship-building that it had involved was successfully reactivated post-disaster. In Krausirpi, Honduras, residents who participated in natural resource management workshops employed that learning successfully post-disaster. Other disaster inputs highlighted included the availability of large sums of funding that would otherwise not be attainable, national and international professional expertise supporting local efforts and, in some cases, a supportive and sustained role of the media.
Discussion
The application of the framework to a disparate set of case studies allows for a more systematic picture of sustainability transitions originating from the disaster context. The framework provides a structure for analysis, facilitating cross-case comparisons, and reveals where evidence is weak or missing. Weak evidence related to measuring sustainability outcomes, for instance, was indicated by the sustainability appraisal; hence, conclusions about sustainability transitions remain based on partial evidence. Employing the framework to ongoing efforts allows for more exploratory purposes such as identifying evidence gaps to be addressed and points of intervention to strengthen sustainability transitions across daily activity fields. Since the framework integrates concepts of change towards sustainability from disaster and sustainability research, these reflexive attempts could support coherence between sustainable development efforts and disaster risk reduction efforts as called for by the Sendai Framework for Disaster Risk Reduction [91] .
The exercise also points to mechanisms that appear to be significant in sustainability transitions originating in disaster contexts. For example, the case study analyses suggest a central mechanism is building actor networks that integrate actors across scales and timeframes. For instance, the analyzed cases support the idea of a disaster transition arena emerging as a distinct sustainability-oriented network that spans disaster governance [37] and sustainability governance in the disaster context [92] . Additionally, they reveal the potential utility of sustainability liaisons and communityuniversity research collaborations as tools used by members of the disaster transition arena. Sustainability liaisons and research collaborations are recognized as drivers of community-based sustainable development in normal times [18] . As both tools are also reflected in the disaster literature, (cf., [49, 93] ), these cases suggest that these entities play equally important, yet to date under-appreciated, roles in disaster governance for sustainability.
Our framework provides a basis from which scholars and practitioners working on either disaster or sustainability transitions can learn from each other and, as such, builds on Becker and Reusser's [28] conclusion that the disaster and transition literatures are complementary. The analyzed cases suggest that the elements that support formation and existence of disaster transition arenas, including the creation of sustainability liaisons and research collaborations, generate innovations that advance sustainable development and disaster risk reduction. Further, it appears that disaster transition arenas are spaces in which actors can link disaster recovery needs (and interest groups) with the initiatives supporting sustainable development needs (and interest groups) that are most active in normal times. In this way, theses arenas align "multiple local and external actors…in critique of established systems," which makes "transformation…most likely" ( [16] , p. 16).
Applying the framework to the case studies also allowed us to explore the temporal dimensions of transitions. The evidence from the cases suggests that transitions originating in a disaster context are more likely to succeed when they can access longer-term support structures. For example, in the disaster scholarship, the concept of a "window of opportunity" is often presented as a single opportunity, opening after impact, and for a limited period of time. Some scholars caution that this short-term framing fails to account for changes manifesting over the longer term and it might not apply to all actor groups in the same way. For instance, Christoplos [94] stipulated that NGOs may be more effective in leveraging opportunities in later stages of the recovery. Frühling [89] concluded that the international effort to seize the window of opportunity for social transformation after Hurricane Mitch in 1998 (the Stockholm Declaration) failed. However, local groups implemented specific sustainability interventions in reference of the Stockholm Declaration, giving rise to measures that, years later, contributed to reducing social and ecological vulnerabilities at least locally in Honduras and Nicaragua. Similarly, McSweeney and Coomes ( [14] , p. 5206) argue that the "hopeful process" of the land-poor effectively escaping the poverty trap, a systemic shift, became apparent only years later. A key for success was that the indigenously-led network and process emerged slowly and with external support as needed, as it was not tied to specific disaster reconstruction initiatives. Additionally, Epping-Jordan et al. [90] found that systemic improvements manifested in the mental health care sectors in those places where local disaster recovery activities were used to reform the national mental health care system. They conclude that a key to achieving systemic shifts included the collaboration among local and external actors, working toward local improvements, while adopting a long-term perspective from the outset and accounting for system-wide measures that addressed pre-existing and new onset issues. Thus, seizing the initial window of opportunity is a necessary, but insufficient step (cf., [16] ). Arrangements like the disaster transition arena can help access funding and institutional support on higher administrative scales, related and unrelated to disaster recovery initiatives, and necessary to sustain local transitions over the longer-term.
In addition to building "linking capital" [95] and awareness about opportunities emerging through the recovery process over time, promoting future thinking capacities appears to be important in encouraging desirable systemic shifts in a disaster context. Sustainability scholars have argued that encouraging the creation of diverse "emancipatory visions of development" may be "one of the most important adaptation capacities;" provided people have the ability to "fundamentally influence governance structures and development paths" ( [39] , p. 9). Adopting methods such as visioning, scenario planning, and asset-based community development in planning and disaster recovery is long due [9, 49, 96] . Another approach encouraging visioning is learning lessons about attempted or successful shifts from other places. Mianzhu City (Wenchuan) invited Greensburg to enter a learning partnership to guide its disaster recovery towards sustainability. This suggests that learning about ideas and ways to enact them is possible even in disparate places and if disaster-affected places will not have the "perfect storm" in terms of resources and attention, such as Greensburg [79] .
The framework also facilitates the analysis of cross-scalar interactions by strategically situating the local sustainability transition in relation to its interactions with developments happening at higher scales or in related locations concurrently. While many transitions are local and with local effects [16] , macro-trends influence local efforts to leverage post-disaster opportunities positively or negatively. Moreover, sustainability research cautions that local goals and broader aims of system sustainability may not work naturally in synergistic ways [97] . Further research is needed to examine how a disaster-specific sustainability transition is influenced by interactions with other locations and concurrent processes and to devise approaches, which mobilize these interactions strategically to support the transition.
Conclusions
We provide a framework that builds on and synthesizes the insights on disaster and change towards sustainability put forth by two highly productive and insightful research communities. The application of the framework to available empirical cases brings to focus specific conditions, resources, social relations and constraints that affect disaster-to-sustainability transitions. Beyond the use of the framework as a tool for case analysis, we expect that the framework can support learning among disaster practitioners, planners, and citizens. The framework permits an exploration of past experiences in diverse disaster contexts and insights into leveraging opportunities for sustainability in the development-disaster spectrum. The framework also allows various contributors-scholars and practitioners-alike, to add their empirical and theoretical data about their case, to complement information about an existing case, and to compare across cases. While the collection of data and building of theory would necessarily be incomplete, a catalogue of such cases would represent an ongoing effort to share experience and help develop theory. It would contribute insights for individuals and organizations in how to prepare pre-events for leveraging opportunities created by disasters to advance sustainability.
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